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Supplemental References -Pages S33-S34 Figure S1 . Binding of PU.1 and RUNX1 to 14kb URE, Related to Figure 1A (A) Cartoon illustrating the PU.1 locus (modified from (Hoogenkamp et al., 2007) ).
Shown are location, species homology and sequences of Runx and PU.1 sites in the -14kb URE, as well as the sequence of the mutated allele.
(B) Quantitative chromatin immunoprecipitation (ChIP) of total bone marrow cell lysates using normal rabbit IgG and antibodies against PU.1 and Runx1. Black bars in Fig. 1a indicate RQ-PCR primer locations at H2 and a control region located 5 kb upstream of the PU.1 transcriptional start site. One additional primer set was used to amplify the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene as an internal control.
Relative enrichments for PU.1 and Runx1 antibodies were calculated as fold enrichment over IgG control. "ctrl" indicates bone marrow of mice after homologous recombination with a similar targeting vector as for autoregulatory site mutants but with unmutated URE. Shown are values as avg. + s.d. of two independent ChIP experiments and a total of four independent RQ-PCR analyses. (A) Indicated specific shRNAs were cloned into the lentiviral vector pGhU6 (Radomska et al., 2012 ChIP-Seq data of the hematopoietic stem cell line HPC-7 (Wilson et al., 2010a ) and primary macrophages (Heinz et al., 2010) at the PU.1 locus. Both, HPC-7 cells and macrophages demonstrate PU.1 binding to the -14kb URE and a recently identified -12kb element (Leddin et al., 2011) . However the progenitor profile (as shown above) was completely disturbed in URE-KO mice, whereas it appeared largely unchanged in PU.1 ki/ki animals. Incubate for 5 min at room temperature followed by 15 min on ice to stop cross-linking completely. Scrape cells from plates using a cell scraper and transfer to 2-ml tubes.
Centrifuge cross-linked cells for 10 min at 400g in a clinical centrifuge.
Remove medium from cell pellet and quick-freeze (dry ice & ET-OH). Transfer to -80 C freezer until use. ' PAUSE POINT Fixed cell pellets may be stored at -80 C for at least 1 year.
+ 1000 µl cold lysis buffer + 100 µl protease inhibitor cocktail.
Re-suspend. When cells have been stored at -80 C, they first need to be thawed on ice. Incubate on ice for at least 15 min.
Disrupt cells on ice with 15 strokes in a Dounce homogenizer (pestle A: 5 times; pestel B:10 times). Repeat and avoid frothing the lysate, which will reduce the efficiency of cell lysis.
Transfer cell lysate to a 1.7-ml microfuge tube and centrifuge for 5 min at 2,000g at room temperature. Discard supernatant and 500 µl re-suspend pellet in 1x restriction buffer.
Centrifuge at 2,000g for 5 min at room temperature.
(Repeat washing in restr. Buffer)
Discard supernatant
77.4 µl re-suspend pellet in 1x restriction buffer. + 7.6 µl Add 1% SDS and mix by pipetting.
Incubate for 10 min at 65 C.
CRITICAL STEP Do not incubate for more than 10 min at 65 1C, as this will result in loss of cross-linked chromatin interactions. + 8 µl Add 10% Triton X-100 to each tube and mix by pipetting.
Avoid creating bubbles, as this will reduce subsequent digestion efficiency. Incubate for 2 h at 16 C.
+

µl
Add proteinase K (10mg/ml) and incubate overnight at 65 C.
+
µl
Add proteinase K (10mg/ml) and incubate for 2 hours at 65 C.
CRITICAL STEP The second proteinase K digestion step was found to increase the amount.
Transfer each ligation reaction into 50-ml conical tubes. Incubate at -80 C for at least 30 min.
' PAUSE POINT The precipitation may be left overnight.
Centrifuge for 25 min at 12,000g at 4 C.
Discard supernatant +
µl
Re-suspend TE buffer pH 8.0.
Transfer DNA to a single 1.7-ml microfuge tube.
Centrifuge for 20 min at 18,000g at RT
Discard supernatant
Centrifuge for 5 min at 18,000g at RT
Repeat washingt five more times.
CRITICAL STEP The presence of residual salt in library preparations inhibits PCRs so thorough desalting is required.
wash until size of pellets remains the same between the 70% ethanol washings.
' PAUSE POINT The DNA may be stored at -20 1C in 70% ethanol overnight and the washes may be completed the following day. Remove the final 70% ethanol supernatant and briefly air dry.
+
µl
Re-suspend pellet in TE pH 8.0 buffer. +
Add RNase A (5mg/ml) incubate for 15 min at 37 C.
This is the 3C library and should be stored at -20 C.
' PAUSE POINT The 3C library can be stored at -20 C for up to at least 1 year. 
Laser Scanning Cytometry Analysis of Femoral Bone Marrow Cryosections
Femoral bones were isolated, fixed in PLP (paraformaldehyde-lysine-periodate) for 4-8 hours, rehydrated in 30% sucrose for 48 hours and snap frozen in OCT (TissueTek).
Bones were sectioned using the Cryojane tape transfer system (Leica microsystems).
Single cell-thick (5µm) sections were immunostained. In brief, sections were blocked with PBS 10% donkey serum, and stained with goat anti c-kit (R&D systems) followed by donkey anti goat DyLight488 (Jackson Immunoreseach). Excess purified goat IgG was then used to block. Biotynilated antibodies against lineage markers, CD48 and CD41 were then added (rat anti-B220, rat anti-Ter119, rat anti-Gr-1, rat anti-CD41, hamster anti-CD3 and hamster anti-CD48, from eBiosciences), together with rabbit antiLaminin (Sigma-Aldrich). After washing, sections were stained with biotinylated goat anti-hamster (Jackson Immunoresearch) followed by Donkey anti-rabbit DyLight649 laser to generate low resolution images of the DAPI stained nuclei and obtain a general view of the BM. Subsequently, sections were divided in small regions that were scanned with a 40x dry objective lens at a spatial resolution of 0.25 mm stage step size to create high resolution field images of the whole BM cavity. Lasers scanned BM sections in independent passes. Detector levels were set according to background fluorescence of isotype control stained sections, which were always scanned in parallel to stained samples. Data was analyzed post-acquisition using iCys Cytometric Analysis Software (Compucyte). Images were exported into Photoshop (Adobe Inc) for processing.
Real-Time PCR
RNA was purified using RNeasy Micro Kit (Qiagen) after cells were directly sorted into a tube containing 350µl of RLT buffer (Qiagen). RNA was either directly used in Taqman RT-PCR or reverse-transcribed and subsequently amplified with a RotorGene 6000 RT-PCR machine (Corbett). Transcript levels of tested genes were normalized to 18S (Applied Biosystems), or GAPDH. Sequence information of primers and Taqman probes is listed in Supplementary Table S3 .
Microarray Gene Expression Analysis
RNA of sorted HSCs (lin-sca1+ckit+CD150+CD48-) was purified using an RNeasy Micro Kit (Qiagen). Quality of RNA (10ng per sample) was tested using bioanalyzer Pico -Chip (Agilent) with RIN (RNA Integrity Number) > 6.7 as threshold.
RNA/cDNA amplification was performed with an Ovation Pico WTA System (NuGen) resulting in > 5µg cDNA per sample. Mouse430_2 arrays (Affymetrix) were used for hybridizations. Original raw data (CEL files) were stored at the gene expression repository at the Harvard Stem Cell Institutes (bloodprogram.hsci.harvard.edu) and in the gene expression omnibus database (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE33031) according to MIAME standards. All raw data were preprocessed using RMA (Irizarry et al., 2003) to obtain expression intensities at gene levels and then normalized using the cross-correlation method (Chua et al., 2006) to minimize chip-to-chip or sample-to-sample variations.
Differential expression was called based on the mean log2 fold changes (1.5-fold) and p value (p≤0.05) of modified t-statistics between mutants and their corresponding controls.
Gene Ontology analysis was performed for the differentially expressed genes using DAVID (Database for Annotation, Visualization and Integrated Discovery). Enriched categories were obtained in comparison to the whole mouse genome as background. All P-values were calculated based on Fisher exact test and further corrected using the Benjamini & Hochberg method. All heatmaps were generated using hierarchical clustering with average linkage, and genes were sorted based on the mean fold changes.
GSEA analysis were performed as described in legends of Supplementary Figures 
ChIP-Seq Analysis Data Source and Processing
H3K4me3 and H3K27me3 ChIP-Seq data for LSK cells were obtained from (Adli et al., 2010) . SRA files were downloaded from the Gene Expression Omnibus website. These files were converted to fastq format for further processing. PU.1 ChIP-Seq data for HPC-7 cells and macrophages were obtained from previously published studies- (Heinz et al., 2010; Wilson et al., 2010a) . Sequencing reads in fastq format were mapped to the mouse reference genome, mm9, using Bowtie. The output sam files from bowtie for replicate samples were merged and then converted to bed format of 200 bp width. Finally, coordinates in the reads bed file that extend beyond actual chromosome sizes were corrected. Visualization of mapped reads in the genome was done in UCSC Genome
Browser with BigWig files. First, bed files were converted to wig files. BigWig density profiles were then generated from the wig files using wigToBigWig from UCSC.
The peak identification parameters were: 1)The peak identification threshold: peak height >=10; 2) Genomic regions relative to genes: promoter region (500bp to TSS); proximal promoter region (5kb to TSS) 3) IgG background -height for IgG peak < 10; 4)
IgG background -Fold change of specific pulldown vs IgG >= 2. Numbers of cell cycle gene sets: 1) 52 in DEGs and 121 in non-DEGs for Pu.1 bounded genes; 2) 163 in DEGs and 836 in non-DEGs for all genes.
Read Density Visualization
Visualization of genome-wide promoter read densities were carried out using the seqMINER software (Ye et al., 2011) . First, transcription start sites for the entire genome were obtained from UCSC refGene table and were used as reference coordinates in seqMINER. Second, processed bed files were used as input aligned reads. Finally, clustering and heatmap of the promoter region were generated for +/-5kb region around the transcription start site. In Figure 4c the Integrative Genomics Viewer (www.broadinstitute.org/igv/) was used for visualization of ChIP seq reads.
Viral Vectors and Transduction
Specific shRNA and a NSC shRNA were cloned into the lentiviral vector pGhU6 (Radomska et al., 2012) For all experiments, LSKs were cultured in CellGenix SCGM medium + 100ng/ml SCF, 50ng/ml TPO, 10ng/ml flt3.
Chromatin Immunoprecipitation
Chromatin immunoprecipitation (ChIP) assays were done on total bone marrow cells (2 X 10 6 cells/one ChIP) DNA using a EZ ChIP (Upstate Biotechnology) and followed the manufacturer's protocols with some modifications. Formaldehyde was added to the cells in a culture dish to a final concentration of 1% and incubated at 37°C
for 10 min. The cells were washed in 1 mL of ice-cold PBS with proteinase inhibitors, and resuspended in 400 µL of SDS lysis buffer. Lysates were sonicated for nine 10 second pulses on wet ice and centrifuged at 15,000 rpm for 10 min at 4°C. Supernatants were loaded on 1% agarose gels and determined to have reduced DNA lengths between DNA/protein A agarose beads (Upstate Biotechnology). The soluble chromatin fraction was collected, and 8 µL of polyclonal rabbit antibody to PU.1 (Spi-1, Santa Cruz sc-352), polyclonal rabbit antibody to RunxL1 (CST #4334), IgG control antibody or no antibody, was added and incubated overnight with rotation. After rotation, chromatin-antibody complexes were collected using salmon sperm DNA/protein A agarose beads and washed according to the manufacturer's protocol. Immunoprecipitated DNA was recovered using a QIAquick PCR Purification Kit (Qiagen) and analyzed by q-PCR (primer sequence information in Supplementary table S3) . One additional primer set was used to amplify the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene as an internal control.
Relative enrichments for PU.1 and Runx1 antibodies were calculated by taking the ratio between the net intensity of the PU.1 PCR product from each primer set and the net intensity of the bound sample of the IgG control and dividing this by the same ratio calculated for the input sample. The value of each point was calculated as the average from two independent ChIP experiments and a total of four independent PCR analyses.
Reporter Assays
For transient reporter assays, distinct sequences as shown in Table S2 of the indicated cell cycle regulators were cloned into either pXP2 or pGL4 firefly luciferase reporter vectors. The reporter vectors used in this study (pXP2, pGL2, pGL4) lack eukaryotic promoter or enhancer sequences. For pXP2, the regulatory sequences of interest were cloned into the Xho1 site of the multiple cloning region, 33 bp upstream of the start site of the luciferase reporter gene. The Cdc25a promoter sequence was cloned into the EcoRV site of the multiple cloning region 55 bp upstream of the start site of the luciferase reporter gene of the pGL4 plasmid. Generation of the Gfi1 minimal promoter reporter constructs in pGL2 was described previously (Wilson et al., 2010b) . PU.1 core motives were mutated from GGAA to TCGC, using a QuikChange® Site-Directed Mutagenesis Kit and following manufacturer's instructions (Stratagene, La Jolla, CA).
Sequences for mutagenesis primers are listed in Table S3 . For luciferase experiments, 1.5
x 10 5 HEK293T cells were cotransfected with reporter constructs (100 ng) and increasing amounts of PU.1-pCDNA3 plasmids (0, 50, 100, 200, 400 ng). DNA input was equalized by addition of pDNA3 plasmid. Transfections were normalized with the 20 ng of renilla luciferase vector as an internal control.
